The Phospholipids of Human-Blood Plasma and their Exchange with the Cells BY C. E. ROWE National In8titUte for Medical Re8earch, The Ridgeuay, MiU Hill, London, N. W. 7 (Received 7 December 1959) When whole human blood is incubated in vitro with radioactive acetate, radioactivity is incorporated into the phospholipids (James, Lovelock & Webb, 1957; Rowe, 1959) . Moreover, there is an exchange of the radioactive phospholipids between the cells and the plasma (Lovelock, James & Rowe, 1960) . Further information, both on the composition and structure of the plasma phospholipids and their exchange with the cells, is required. This paper reports the analysis of the radioactive phospholipids of a plasma fraction obtained from blood which had been incubated with sodium [Me-"4C]-acetate. The plasma had been treated with dextran sulphate and the precipitated ,8-lipoproteins removed before analysis (Oncley, Walton & Cornwell, 1957) .
METHODS
The incubation of blood and other experimental procedures are esentially those described by Rowe (1959) .
Preparation of the plaumafraction. Whole blood (140 ml.) which had been incubated with sodium acetate (30 Ic; specific activity 13-7 mo/mg.) and [32Plorthophos-phate (1.6 mc; carrier-free) for 6-5 hr. was centrifuged at 600 g for 5 min. The cells were removed and calcium chloride (2 ml., 0'25M) and dextran sulphate (6 ml.; 1%, w/v) were added to the stirred plasma. After 20 min. the plasma was centrifuged again at 600g to remove the precipitated ,-lipoprotein (Oncley et al. 1957) . A previous experiment established that under these conditions all of the red and white cells, and most of the platelets, were removed from the plasma by the first centrifuging and that the remaining platelets were removed with the precipitated ,B-lipoprotein.
Extraction of phompholipids. The supernatant plasma was added to 2 1. of ethanol-ether (2:1, v/v). The mixture was allowed to stand at room temperature for 24 hr. and then stored at 2°in the dark for 3 weeks. The solids were removed by filtration and the filtrate was concentrated to dryness under reduced pressure in a rotary evaporator. The residue was extracted twice with 10 ml. of acetone and then successively with 10, 20 and 10 ml. of ethanol. All extractions 'were performed at room temperature. The small amount of insoluble residue in the ethanol extract was removed by centrifuging. The fi-lipoprotein-dextran sulphate complex was added to ethanol-ether (500 ml.) and treated in the same manner.
Chromatography of phospholipids. Ethanol extract (35 ml.) from the ,B-lipoprotein-free plasma containing 74.9 jamoles of phosphorus was distilled to dryness under reduced pressure and the residue suspended in 150 ml. of chloroform-methanol (7:1, v/v). The suspension was passed through a column of silica gel (2-5 cm. diam. x 33 cm.). The silica gel was prepared by the method of Lea, Rhodes & Stoll (1955) and the column constructed as described by Hannahan, Dittmer & Warashina (1957) . The column was then washed successively with chloroformmethanol mixtures of volume ratios 7:1 (235 ml.), 4:1 (270 ml.), 3:2 (295 ml.) and 1:4 (290 ml.). The flow rate was approx. 0 9 ml./min. Eluate fractions of approx. 4 ml. were collected.
Etsimation of radioactivity. Each eluate fraction was diluted to 5 ml. with its own solvent mixture and 0-2 ml. evaporated to dryness on a polythene planchet. The radioactivity of each fraction was estimated by counting with an end-window Geiger-Muiller tube. The fractions were combined according to their radioactive peaks, as shown in Fig. 1 . The combined fractions were concentrated and then diluted to 10 ml. or 25 ml. with chloroform and methanol.
Portions (0.20 ml.) containing 0-18-2-31 ,umole of phosphorus were concentrated to dryness on planchets and their radioactivities estimated. The radioactivity due to 32p and 14C in the unfractionated phospholipids (Table 1) was estimated in the same way with 0 10 ml. of solution. The planchet was then shielded with a foil of calibrated phosphorbronze and the radioactivity due to 32P estimated (Rowe, 1959) .
Identiftcation of the fractions. The fractions were chromatographed on silica-impregnated paper with 20 % methanol in chloroform (Lea et al. 1955 ). The components were detected by immersion of the chromatogram in iodine vapour and were identified by their Rp values. On separate chromatograms the kephalins were detected by spraying with ninhydrin and heating at 1100 for 5 min. The cholinecontaining lipids were detected by treatment with phosphomolybdic acid followed by reduction with stannous chloride (Chargaff, Levine & Green, 1948) .
IdentifiJcation of the fatty acids. The fractions were subjected to methanolysis by heating in anhydrous methanolic 7 % hydrogen chloride at 1100 in a sealed tube (Rowe, 1959) .
After neutralization with silver carbonate the methyl esters of the fatty acids were extracted with light petroleum and analysed by gas chromatography by using Celite covered with an adipic acid-ethylene glycol-condensation resin (Lipsky & Landowne, 1958) .
Test for haemolytic activity of phospholipid fractions. Freshly drawn blood (about 0 5 ml.), mixed with citric acid-sodium citrate-dextrose solution (0.1 ml.; 0'83M-trisodium citrate, 0-35M-citric acid and 0 lM-glucose), was centrifuged to remove the plasma. The cells were washed three times with an equal volume of 0-89 % sodium chloride solution and then suspended in approximately nine times their volume of 0-89 % sodium chloride. The phospholipid fraction, containing 0.05 jAmole of phosphorus, was concentrated to dryness and suspended in 0.5 ml. of 0-89 % sodium chloride. Cell suspension (0 5 ml.) was added and the mixture allowed to stand, with intermittent shaking, for 1 hr. at 360. The mixture was centrifuged and the supernatant fluid examined for haemoglobin.
RESULTS AND DISCUSSION
The yield, specific radioactivity and total radioactivity of the unfractionated phospholipids from the ,B-lipoprotein-free plasma are shown in Table 1 . The corresponding values for the ,B-lipoprotein and the cells are shown for comparison. The fraction from the ,-lipoprotein, which was comparatively low in yield and likely to be contaminated by phospholipids from platelets and chylomicra, was not examined further. The 32P specific activity of the phospholipids from the ,-lipoprotein-free plasma was comparatively low.
The eluate fractions from chromatography were counted at a period equivalent to ten 32P half-lives after the incubation of whole blood, and the radioactivity due to 32p was therefore negligible. These radioactivities are shown in Fig. 1 . The way in which these fractions were combined is also shown. The yields, compositions and radioactivities of the combined fractions are shown in Table 2 . The distributions of the fatty acids in each fraction are given in Table 3 . A comparison of the yields and radioactivities of the plasma phospholipids with those of the combined phospholipids from the cells and platelets from the same experiment are shown in Table 4 . The analysis of the latter has been reported in detail by Rowe (1959) . A comparison of the fatty acid compositions of the combined cellular and platelet lecithin with the plasma-fraction lecithin is given in Table 5 . The same comparison is given for sphingomyelin.
The phosphorus recovery from the silica-gel column was 100%. The ratios sphingomyelin: lecithin:kephalin expressed as moles of phosphorus were 1-0:6-9:0-8. Phillips (1958) , who analysed whole plasma, obtained the ratios 1-0:3-6:0-24 respectively. The difference between these sets of values probably reflects the phospholipid composition of the precipitated ,8-lipoprotein. Fractions 11 and 12 contained a choline-containing component which when chromatographed on silica-impregnated paper had an B. (0.27) expected for lysolecithin. These fractions produced some haemolysis in a suspension of human red blood cells, which is consistent with their containing lysolecithin. It is uncertain whether the lysolecithin was present in the plasma or arose from the decomposition of a labile component, e.g. choline plasmalogen, during chromatography. Fractions 2, 4, 5, 6, 8, 9 and 13 when tested showed no haemolytic activity.
Radioactive kephalin, lecithin and sphingomyelin were all found in the plasma. An unknown fraction (fraction 1) of high specific activity was also isolated. This fraction, in which neither choline nor ninhydrin-staining components were detected, contained fatty acids (Table 2) . On chromatography on silica-impregnated paper it contained a well-defined component which stained heavily with iodine vapour. This had an R. (0 94) The specific radioactivities of the plasma lecithin and sphingomyelin are higher than those of the cellular lecithin and sphingomyelln respectively. Previous experiments indicated that in whole blood at 34.5°in the presence of excess of acetate, phospholipid exchanged between cells and plasma with a half-life of approximately 6 hr. Exchange of all the blood phospholipid would be expected to result in similar distributions of fatty acids in plasma and cells. This is clearly not the case. Cellular lecithin contained arachidonic acid not found in the plasma lecithin (Table 5) . Moreover, there were large differences between plasma and cellular lecithin in the percentages of palnitic acid, stearic acid, oleic acid and linoleic acid. Thus it would appear that for lecithin at least only a fraction of the cellular and plasma phospholipids are involved in exchange. Recent investigations (Rowe, Allison & Lovelock, 1960) have shown that leucocytes are responsible for most of the incorporation of acetate into the cellular phospholipids. It is likely therefore that it is the leucocyte phospholipids that are involved in exchange with the plasma. 
